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An Evaluation Algorithm of Blocking Artifacts
in Video Images with CUDA Technology
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(School of Optical — Electrical and Computer Engineering, University of Shanghai for
Science and Technology, Shanghai 200093, China)

Abstract: In order to give an efficient evaluation of the quality of video images, based on the analysis of the existing algo-
rithms of evaluation, this article proposes an realization of these algorithms under the Stream Processor Parallelenvi-
ronment and program with the technology of CUDA. The result shows that the speed of parallel computing in the NV
Geforce GTX280 is about 30 — time of the serial algorithm running in the CPU. This proves that CUDA technology has

great potential in the digital image processing and particularly the CPU — intensive mission processing.
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HVSBM!"). #] 1 NVIDIA /A @l#E i 8 CUDA ¥4,
Fr &R B R VN B B AT, el
AP EFHRR. TREREH, fFfESEH
CPU ST HEATXT L , $55 MR BB B B 3R
HIHATR T Ra 1T B e 30 £5.

2 CUDA &EHER

GPU fE Ny —F a3 AL B -5 5oe, BEAT
BHTE Ze R ER AL FE , 38 77 LA A 5RO Y ik 3
FRAATT WM AHE, RS & S5 Wit E
HATHBER. NVIDIA AR F RN IHHESE & &
28 #4 (Compute Unified Device Architecture, CUD-
A)BL LT GPU BT BT R R, B A
i1t GPU B9 R T B 4 APT #4100
XFFE—EREMHIER, bR GPUs 24t T
FRMEM T RMERMITERS, BRI TEA
HRE S

SRAIH) GPU £ NVIDIA GTX280, HA% Ui
602MHz, A 30 ™2 & 4L B 2% (Streaming Mul-
tiprocessors, SMs) , TYESIZE 12906 MHz. fF 282K
S5 L, B TR 140.8GB/s. BA 4 MR
REGH EFEES  H B H BB (constant cache) |
LU W R T (texture cache) \ B 7 2% (registers) (3t
E PY#7 (shared memory) . ¥ 1 R B A7 A S 0 K
SRR R, WA SPs HEE[H].

CUDA BF it BIEE B € WmBEEA, -1
CUDA 3}#47#2 43 CPU M GPU #4r: H+# CPU
YRR RN Host 35, R A il GPU iHE
BB GPU s EIE AT BB, #R 2R Device
45 . R CUDA FF & CER# AR, Hd B X B4 U
TIL:

(1) W3 AR 48 B H1 3] Host I IFF
e

(2) B M Host WAFE H12 Device T
P

(3) H Host ¥ F Device ¥ ) Kernel 3478
FFRPATHATIHE

(4) Device Wi B . T4, Kemnel TR FIF
BPITHR , HE TG H RS 7E Device WA
e

(5) Device %l Kemnel TR IFEEHR G, & F
Host % , H-45 45 R BHE M Device SiFE# D) Host .

XA AR

3 EFAEMRRZSEHNESRRUMITENE
7% HVSBM 1+ 43

B 56, B F Sobel #14% K W) 3 F X 51t B 45
B - Hih % X IBAE KIS, BRI E R P —
MR IR EHENMRERR f(z,y), ERE
)RR R A B (1) B
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g, =flx-1,y+1)- flz -1,y -1) +2f
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+1,y-1) ¢))

TEZR(x,y) EBERAENT mARRE XN
K(2) Fias:
8=
&y

G(z,y) =+ g%+ &> (2)

NFAEWHNERME T, G(z,y) < T H,
IWHBER f(z,y) HIEAGR, RZUH% .
%4 G(z,y) > THIO(z,y) | =5 B HHHAN
MZRFAEEMNNZ, BHAHER R KR
ANHR2Z [ Y BR3H R i BR A, B AT R B R f(«,
V) BRIAL .

B TORFTHBM TR, REDZSFD%
BN 43 B4 Dy Fl Dy, 5 LN (3) (4) Bk
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D3 = {f(z,y) - flz,y—1)) - 12[(f(z,y
-1) - flz,y-2)) + (f(z,y+1) - flz,y))]}?

(5)
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LB SR Davsan 10R(6) FIR :
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4 EBEFAERMERZAIWHBEIRBEH
TN EE
4.1 %EF CUDA 31T BiREW
R T BBERMBIHATIRER , Z£FFH CUDA F
BTN, BRSNS B LA R g
Bk, 78 CUDA F AR, ér Xt E B
A MRS %E S, 838 global mem-
ory,shared memory l texture memory. % & B F
MR FIE AT 8%, AT H KA global memory I
shared memory 3 ZRRFALH BT EHR B0 .
ZRERY B EL R CUDA B R
B R (R area HEWIRE KA, num-

frame R AL ERAIIE) «

(1) Host %% _b RI%HE

@ h _ framestream|[ area * numframe] = [Py, Py 1, ",
Py, area— 15" Prumnframe 1 0's Prunframe~1,1 5 *** Pruntrarme— 1, area~ 1 1 s FE
FE T R AL 3 VLT R 3 .

@ h_ gx[ area * numframe ] 1 h _ gy[ area * numframe],

S FIFERE Device WRIEEIRA d_gx i d_gy.

® h _ Result _ Buffer[ area ¥ numframe] , f£5# Device &

EI5RH d _ HVSBM.

(2) Device - HI%UE

@ d_ Y[area * numframe] , FEfE SR BB YUV 3

Y&,

@ d _ gx[ area * numframe] #l d _ gy[ area * numframe],

S RFEZNE Sobel BFHHHEEH g, Mg, 1.

® d_ HVSBM[ area * numframe] , FEM5 23t A F- AT

PG K HVSBM 45 4.

4.2 YEFEHTE
SR CUDA H— AR R BT E, RiE#R

H:

(1) CUDA # ¥ %1 # 4£: CUT _ DEVICE _
INIT(arge, argv).

(2) NEZBEBBR yuv XHFH Y 58
BB EFF readyuv(HA B .

(3) CUDA & {4 i+ B 47 %5 [8] 43 B : CUDA _
SAFE _ CALL(cudaMalloc({void * * ),size)).

(4) BB, It EHFR R4 CUDA _
SAFE _ CALL (cudaMemcpy (dst, src, size, cud-
aMemcpyHostToDevice) ) .

4.3 Kemel ZEZEESRAERIE
RAKBEREMRLESNIEBRENT .
SHSERTE B, R YVU ST/ R

weigt X height=176 * 144,35 frame num=300

.

Jffi CUDA BT8R BB &, Wit 84
Block 34 BLOCK _ SIZE X BLOCK _ SIZE = 16 X
16 MER, SN ERBLABE - MM ES. NS —H
FEH weight/ BLOCK _SIZE X height/BLOCK _
SIZE = 176/16 X 144/16 = 99 4~ Block. # it Grid
Jo BATAL B — i, W Grid PR —FTFEE 94
Block,3t% frame _ num = 300 17. KB R BHEE

MRBEE Ak 1 fE 1 PR,
1 ZEVESER
P iR/ - Grid #E ¢ (dim3)
Weight Height X Y

weight/BLOCK _ SIZE

frame _ mum frame _ num=
176 144 0 X height/BLOCK _ SIZE
=176/16144/16 =99
frame[0]

1 T

|Blocki ]

©0) ™ |
Grid Ao SRR S

""""""""" j ot
% R I
Blok Blok I
©.0) .99 P 1(0,99)
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r -
% Blocks
ey e = (x,00V

1 BESETEH

4.4 FEALTEIR L ROBIRHUE

#A Kernel TR, BHEBE R LT So-
bel AWM ZFT. HRE2RAFFHBEEB S
51 Block BT f# FIRy L EFEAE 28 |, ¥ Device ¥+
FIEE & 11 B shared memory . BIBH B IR P
REERAREE, e RERAVH, FBERB.
4.5 HEEIULE] Host

FALKBH ARG B EEREN Host 31
M Device ¥ig#5 8 2 Host S R 7E L4 .

CUDA _SAFE _ CALL(cudaMemcpy(h _ Result
_ Buffer, d _ HVSBM, area * numframe * sizeof
(float) , cudaMemcpyDevice ToHost) ) .

5 HEf#R

5.1 WABRETRR
Zr BB AT S BT BB S , R AY FE
R b Gl S i



H8M

BABEIH , % - R il CUDA SR IR R BUR R L 259

5.2 ¥aEH

W42,
5.3 HERNEX

B Kernel |53

HandleFrame< < < dimGrid, dimBlock > > >
(d _ Y,numframe,d _gx,d _gy,d _ HVSBM, width,
height).

5.4 Kernel HITRFHZX

(1) #£ Device #] #4681~ block WL ENFF
shared memory:

_ shared _ BYTE s _ Y[BLOCK _ SIZE + 2]
[BLOCK _SIZE +2];

(2)% block &AL FEXT LAY global memory
%38 2 112 shared memory ¥ :

s_ Y[ threadIdx.y+ 1]{ threadldx.x+1] = d _
Y(index _ Y];

(3) 35 Sobel HGKBME T, 3 WP
(DiEBE g, g, MXNQ)HEBRIRR G AA
B Atan;

(HIFBE I WO TERR G FMRET HE
BH =M1&L, i1 i DHVSBM {H.

5.5 HELREBRARK

(1) Kernel F1TRFH B LR, CPU KRB
SR D) Host WP :

cudaMemcpy(h _ Result _ Buffer, d _ HVSBM,
area * numframe * sizeof (float), cudaMemcpyDe-
viceToHost) ;

cudaMemepy(h _ gx, d _ gx, area * numframe,
cudaMemcpyDeviceToHost) ;

cudaMemcpy(h _ gy, d _ gy, area * numframe,
cudaMemcpyDevice ToHost) ;

(2) B Host 3 # Device ¥ B G FIE.

6 SKBRITESH

ARELBIEFTH R NVIDIA GeForce GTX280
B, Intel Core2 E8400 3.0GHz #J CPU. 4RiFIiE
4 Visual Studio2005 #1 CUDA3.0.

(1) X8 RIRRSR W A AN AH [F] B9 HVSBM B 8%
4rHI17E CPU M1 GPU bitE . HHHEERE 2 Fik.

LR R CPU # GPU L HVSBM H %
BIREREAREE -8, HBUE T GPU #1373
B RMIERTE.

(2) 1&8h CUDA B # il iR e 8] s %X cutCre-
ateTimer, cutStart Timer 1 cutStopTimer ¥ % i 2

Fiz47 et 1] (2558038 M Host 3a¥% 88 2l Device ¥
FIES A, GPU MyiT8ET ), LA B 45 R 944 3] Host
YaIE ) , xRl — YVU X#HERET T 5 K,
BRER B EBKIE 1T 0 E3 et E], RERIB TR RN
Xt AR AE . REIA/MY YVU BUSE 044 89 CPU 247
&t E] .GPU 2478 8] J i iz 2 Bk . GPU #
CPU Wiz fT45 R % LB 3 Frs.
1800
1600}
1400 r//
1200F
1000} \
800} 10 N .
600 .;‘i Vo RsT N -~ '..,;E.A\’ \
a00} -
200 .
0 .

— CUF(176*144)
= = CPU(720%576)
— GPU(176*144)
sevsss: GPU(720°576)

2 CPU# GPU iB{T4 R HVSBM X kb
£ 2 CPU.GPU BfTH @ R imiELL

B Rk 176 = 144 352 * 288 640 * 480 720 * 576
b ¢ 300 300 300 300
CPU i&1784 ] (s) 1.217  4.855 15.236 19.373
GPU EfTiffE(s)  0.051 0.197 0.612  0.683
T 23.86 24.64  24.9  28.36

1s5h /o

10f 0~ CUPIR 47 IiY Fi(s)
=0- CPUR 17 B [(s)

sk —h— AL
0 e —

% o ©
i3 K s

3 CPU# GPU BRI

LR REY A AR ERE , MR
ER SN PR BLIE B 7B R AR, GPU 1
HIETTRE 2 CPU Liafr3E Wi 30 £5. 3 HFE
F YUV AR BE S A 3 K, nak Lt & Bl
ZEm.

(3) GPU #J7iaf7 8t B2 1 W3k 3.

*3 HVSBM ¥THEIETRE

R RSN 176 # 144 352 %288 640 % 480 720 * 576
B3 300 300 300 300
R BRATE (s) 0.022289 0.089112 0.263826 0.294917

GPU tH&r}E](s) 0.000012 0.000015 0.000014 0.000012
Bl fert fE(s) 0.033881 0.213804 0.644914 0.716394
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LW RFEY] :GPU WHE W E AR T 58 M
host 3 (8] device B HIFEHE A 45 R 15 2] host I
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7 &XRiE

PR ER PR BAVEN Bk B A HEMTTEAE
S5 A0 TAER KA AT, SCH @ o A48 R SCHF R B35
BRSO TR RN R LB TN R DL R IE#
PERYLLEE, SRR U GTX280 L LBMFHATH %
B CPU LR RATRLE R T 1E 30 £%. SR
Fi CUDA BAREBE T BUARBCR ,IEW] T CUDA
ARIELF BB B R RARKEE S, THE
HREBERESLHE. H GPU BEK T4 R
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